Twenty-seven strains belonging to 12 Mycobacterium species were studied for 3-hydroxy fatty acid composition. Mycobacterial cells were subjected to both mild and strong acid methanolysis, after which the liberated hydroxy fatty acids were purified and analyzed by gas chromatography-mass spectrometry as methyl ester trimethylsilyl ether derivatives. Altogether, 21 3-hydroxy fatty acids containing 14 to 28 carbon atoms were detected; 10 were straight chain, 6 were 2-methyl branched chain, and 5 were 2,4,6-trimethyl branched chain. The mycobacterial strains were classified in groups according to 3-hydroxy fatty acid patterns.
The methyl ester preparation was applied to the column, and two 1-ml volumes of hexane-dichloromethane (1:1, vol/vol) were added; the eluate was discarded. The column was then washed with two 1-ml volumes of diethyl ether to collect the 3-OH-FA methyl esters, and the preparations were dried. Trimethylsilyl (TMS) derivatives were prepared by adding 50 ,lI of BSTFA and 5 [lI of pyridine to the sample and then heating at 80°C for 15 min. After cooling to room temperature, excess pyridine was removed from the reaction mixture under a stream of nitrogen, after which 50 RI of hexane was added. A sample volume of 1 p,l was injected into a gas chromatograph (GC) mass spectrometer (MS).
GC-MS. A VG Trio-1 S GC-MS system (Manchester, England) was used. The GC was a Hewlett-Packard model 5890 (Avondale, Pa.) equipped with a fused-silica capillary column (25 m by 0.25 mm [inner diameter]) containing cross-linked OV-1 as the stationary phase. Splitless injections were made with a Hewlett-Packard model 7673 autosampler. The carrier gas, helium, was used at an inlet pressure of 7 lb/in2. The temperature of the column was programmed to rise from 120 to 260°C at 20°C/min; both the injector and the interface (between GC and MS) temperatures were kept at 260°C. The ionization was performed at 70 eV. The temperature of the ion source was 220°C in the electron impact (El) mode and 200°C in the positive ion-chemical ionization (PCI) mode (with ammonia as the reagent gas).
RESULTS
Mass spectra. Straight-chain 3-OH-FAs ranging from The identities of the 3-OH-FA derivatives were confirmed by PCI. The PCI spectra showed an abundant molecularspecific ion at m/z M+ 1. In addition, the ion of mlz M+ 18 was also noticed for both straight-chain and 2-Me 3-OH-FAs.
Thus, the PCI spectrum of 3-OH C26:0 showed ions of m/z 499 and mlz 516, the spectrum of 3-OH-2-Me C20:0 showed ions of m/z 429 and mlz 446, and the spectrum of 3-OH-2,4,6-tri-Me C24:0 showed the ion mlz 513 (Fig. 2) . Distribution of 3-OH-FAs in the mycobacteria. Mycobacteria were assigned to different groups according to the 3-OH-FA patterns that they exhibited (Table 1 chelonae strains. However, with strong and mild acid methanolysis, the 3-OH-FA patterns differed markedly. Since it is known that the stronger methanolysis releases both ester-and amide-linked fatty acids and the milder methanolysis releases only ester-linked acids (13), we conclude that both of these types of linkages exist in mycobacteria. For example, in group F mycobacteria, similar amounts of 3-OH-2-Me FAs with 19 to 23 carbon atoms were detected after strong and mild methin M. gordonae (B), and anolysis, indicating that they are mostly ester linked. However, in mycobacteria belonging to group D, the long-chain 3-OHFAs (i.e., those with 26 to 28 carbon atoms) appear to be mainly amide linked because much larger amounts of these acids were found after stronger methanolysis ( Table 2) . As examples, mass chromatograms showing straight-chain 3-OHFAs in M. peregrinum after both types of methanolysis are shown (Fig. 4) . Table 1 (12) and that M. fortuitum is devoid of GPL (15) . Complex hydroxy fatty acid compositions have previously been reported for a few intracellularly growing gram-negative bacteria, including Legionella spp. (14) , Brucella abortus (13) , and Coxiella bumetii (17) , in which these acids are part of the lipopolysaccharide. Further studies are required to elucidate the locations of the mycobacterial 3-OH-FAs described in the present report and to evaluate the plausibility of using these fatty acids as markers for the detection and quantification of bioactive mycobacterial lipids. Possible relationships between virulence and 3-OH-FA composition also deserve further attention.
